Shigella flexneri is a human enteropathogen that infects about 165 million people and claims more than 1 million lives per year worldwide. although shigellosis has been considered a disease of the "third World," like many other contagious diseases, it does occur in developed countries. the emergence of drug and multidrug-resistant strains of Shigella emphasizes the need for novel antibiotic development. virF, an araC-type transcriptional regulator, is responsible for the expression of all downstream virulence factors that control intracellular invasion and cell-to-cell spread of Shigella. gene knockout studies have validated that inhibition of virF expression is sufficient to block the normal life cycle of Shigella in the host and thereby increase susceptibility to the host immune system. the authors have developed a high-throughput, cell-based assay to monitor inhibition of virF using β-galactosidase as a reporter protein. Using an avirulent strain of Shigella, they have screened libraries containing ~42,000 small molecules. Following confirmation and dose-response analysis, they have identified 7 compounds that demonstrate virF inhibition in vivo ≥55% in comparison with the controls and little general antibacterial activity (measured by cell growth, oD 600 ). the authors are in the process of confirming these "hits" in several secondary assays to assess the mechanism of action. (Journal of Biomolecular Screening 2010:379-387) Hurt et al. 380 www.sbsonline.org Journal of Biomolecular Screening 15(4); 2010 address correspondence to: george a. garcia, Ph.D.
S higella flexneri is a severe enteropathogen that plagues more than 1 million victims per year worldwide, leading to severe dysentery in humans. 1 the complex mechanism by which Shigella infects the host cells of the gastrointestinal tract has been the subject of much research and was recently reviewed. 2 virF is an araC-type transcriptional activator that directly regulates transcription of the secondary positive regulator of Shigella virulence, virB, and the actin-polymerizing enzyme, virg (icsa) ( Fig. 1) . [3] [4] [5] [6] [7] [8] as the master regulator of positive transcriptional activation, virF is of particular interest as a novel target in the treatment of shigellosis.
the use of antibiotics in the food industry and everyday household products has exacerbated the emergence of antibioticresistant strains of medically relevant bacteria. 9 accordingly, there has been increased interest in the development of novel antibiotics that target virulence factors. [10] [11] [12] the pharmaceutical industry has historically focused on development of bactericidal antimicrobial agents (i.e., inhibitors of Dna/rna, protein, or cell wall synthesis). however, this approach provides a selection pressure for bacteria to become resistant to the antibiotics as resistant bacteria will outgrow the sensitive population. Because expression of virulence factors is not required for cell viability, there should be less selective pressure for the pathogens to develop resistance to inhibitors of such targets.
transcriptional activators that regulate bacterial virulence are often found to be of the araC family (i.e., rns from escherichia coli, exsa in Pseudomonas aeruginosa, tcpn from Vibrio cholerae, and virF from S. flexneri). Commonly found in enteropathogens, araC-type activators have also been identified in virulent bacteria that invade the respiratory and urinary tracts. 13 araC family members that function as homodimers are regulated by either small molecules or physical stimuli. 14, 15 a third class of araC transcriptional activators are monomeric and typically respond to cellular stress. 16 Despite these differences in protein structure and regulation mechanisms, araC family members share a high degree of sequence homology in a region of approximately 100 amino acids that constitute the Dna binding domain in the C-terminus. araC family members have been difficult to study in vitro, partly because of issues with protein solubility and expression of recombinant proteins. 17 Much of the structural evidence to probe the Dna binding properties of the araC family comes from the monomeric transcriptional activators (including rob and Mara). 18 researchers at paratek pharmaceuticals have studied several members of the araC family related to bacterial virulence in vitro. 19, 20 Using a coupled approach with in silico screening of small molecules and crystal structures of 3 araC members from e. coli (Mara, soxs, and rob) and an in vitro Dna binding assay, researchers identified a promising class of inhibitors of Dna binding: hydroxybenzimidazole derivatives. 20 although the compounds demonstrated inhibition of Dna binding in vitro with iC 50 values in the low micromolar range, their study only addressed one aspect of araC-type regulator function. recently, the same group reported activity of a similar compound set (n-hydroxbenzimidazoles) against LcrF in Yersinia spp. 19 LcrF is a Mar-like protein that activates transcription of the type iii secretion system. Following synthesis of various analogs, compounds were validated in a cellbased cytotoxicity assay as well as Dna binding analysis with an LcrF homologue (exsa from Salmonella) and an unrelated transcriptional activator (slya from Salmonella) to establish specificity. in the case of virF and other homodimeric araCtype activators, there are at least 3 steps in the gene activation process that could be targeted by potential inhibitors (although the order is not clearly understood): Dna binding, dimerization, and recruitment of the transcription complex. a Dna binding screen would not detect inhibition of either dimerization or transcription complex recruitment, nor is this assay amenable to high-throughput screening (hts).
Manipulation of recombinant, dimeric araC-type proteins has been problematic in vitro (e.g., poor expression, insolubility). a cell-based assay would also have the advantage of screening for cell permeability, an important factor when screening large compound libraries. We therefore elected to study this class of transcriptional activators in a cell-based, high-throughput assay. Using a β-galactosidase reporter gene in avirulent S. flexneri Bs103, virF-specific activation of the virB promoter (controlling transcription of the lacZ reporter gene) was monitored spectrophotometrically with the substrate Cprg (chlorophenol red β-D-galactopyranoside). small molecules that demonstrated confirmed inhibition of the reporter were analyzed further in a dose-response analysis.
mAterIAlS And metHodS

Reagents
Unless otherwise specified, all reagents were purchased from sigma-aldrich (st. Louis, Mo). gelase™ agarose-gel Digesting preparation was from epicentre (Madison, Wi). the Qiaprep spin Miniprep Kit was from Qiagen (valencia, Ca). Carbenicillin (disodium salt), Corning microplates, bactotryptone, and yeast extract were from Fisher scientific (hampton, . the primary Shigella spp. virulence factor, virF, activates transcription of 2 critical virulence genes, virB and virg(icsa). virB is the secondary transcription factor, which activates transcription of many downstream virulence genes, including the secreted invasion plasmid-associated genes (i.e., ipaBCD). virg(icsa) is an actin polymerase and is responsible for promoting cell-to-cell spread in the host. 
Reporter plasmid construction
the virf gene was subcloned into the maltose binding protein fusion vector, pMaL-c2x, as previously described (named pMaLvirF). 5 the virB promoter (virB op, from ptB601 5 ) and β-galactosidase α-complement (lacZα, from ptZ18U) were amplified by pCr. in a total volume of 50 µL, samples containing 500 ng plasmid, oligonucleotide primers (20 pmol each), dntp mix (0.24 mM each ntp), and vent ® Dna polymerase (2U) were incubated according to the following temperature sequence: 30 cycles-94°C for 30 s, 50°C for 1 min, and 72°C for 2 min. Both pCr products (20 µL Dna, 40 µL total volume) were treated with aatii (40 U) at 37°C for 1 h. the digested samples were gel purified from seaplaque agarose gel with gelase™ according to the vendor's protocol (epicentre). the virB op and lacZα fragments were ligated overnight at 16°C (2:1 volume ratio, 20 µL total volume) with t4 Dna Ligase (2 U). the virB Op-lacZα fragment was subcloned into pMaLvirF between the Psti and xbai restriction sites. Briefly, in a total volume of 50 µL, samples containing 500 ng virB Op-lacZα, 2 mM Mgso 4 , dntp mix (2.5 mM each ntp), oligonucleotide primers (20 pmol each), and vent ® Dna polymerase (4 U) were incubated as described above. the amplified virB Op-lacZα sequence and pMaLvirF (15 µL Dna) were treated in double-restriction enzyme digestions with Psti and xbai (40 U each enzyme, 30 µL reaction) at 37°C for 1 h. Both the plasmid and pCr product were gel purified as described above. the purified samples were ligated with t4 Dna ligase (7:1 volume ratio, insert to plasmid) according to the vendor's protocol (invitrogen) and transformed into 250 µL of chemically competent tg2 cells. the resultant plasmid, pMaLvirF-LacZα, was isolated via miniprep (Qiagen) from 3 mL 2xtY cultures (16 g bactotryptone, 10 g yeast extract, 5 g naCl/L of water with 100 µg/mL carbenicillin), and samples were confirmed with Dna sequencing (Dna sequencing Core Facility, University of Michigan).
Full-length lacZ (3 kb) was amplified by pCr from the novagen induction Control e (pet28a derivative). an internal aatii restriction site was altered with a silent mutation introduced by site-directed mutagenesis (according to stratagene Quik-change protocol). the corresponding lacZ open reading frame was amplified by pCr as follows (30 µL volume): 5 µg pet28a-LacZ(Δaatii), pCr primers (10 pmol each), dntp mix (0.25 mM each ntp), 2 mM Mgso 4 , and vent ® Dna polymerase (2 U) were incubated according to the following temperature sequence: 30 cycles-94°C for 1 min, 55°C for 1 min, and 72°C for 2 min. the samples were combined and ethanol precipitated at -20°C overnight. the Dna pellet was resuspended in water (30 µL). the lacZ gene was subcloned into pMaLvirF-LacZα in place of the lacZ α-peptide via a double-restriction enzyme digestion. Briefly, samples containing 5 µL Dna (10 µL total volume) were treated with aatii and xbai (20 U each) at 37°C for 1.5 h. Both the plasmid and pCr product were gel purified, ligated (5:1 volume ratio, insert to plasmid), and transformed into tg2 cells as previously described. the resultant plasmid, pMaLvirF-LacZ, was isolated via miniprep from 3 mL 2xtY cultures with carbenicillin, and samples were confirmed with Dna sequencing. a positive control vector was created for pMaLvirF-LacZ as a measure of β-galactosidase activity in the absence of virF. each reporter plasmid (10 µL, 20 µL total volume) was treated with the restriction endonuclease Bglii (20 U) at 37°C for 90 min. the digested plasmids were gel purified as previously described to remove the resultant 1200-nucleotide fragment of the male-virf open reading frame. the purified samples were religated at 17°C overnight with t4 Dna ligase (2 U). the ligation products (5 µL) were transformed into 250 µL chemically competent tg2 cells and grown at 37°C on L-carbenicillin plates. representative plasmid diagrams with key restriction enzyme sites for pMaLvirF-LacZ and pMaL(ΔvirF)-LacZ are shown in Figure 2 .
Small-molecule libraries
in the primary screen, approximately 42,000 compounds were tested at the Center for Chemical genomics (CCg, University of Michigan) with the virF-driven β-galactosidase reporter assay. among the libraries tested were the Chemical Diversity set, the Maybridge hitFinder library, Microsource spectrum 2000, and the nCC BioFocus library.
High-throughput β-galactosidase reporter assay
samples containing S. flexneri Bs103 harboring pMaL-virF-LacZ (or the positive control for no β-galactosidase activity, pMaL(ΔvirF)-LacZ) were grown to saturation in 2xtY at 37°C with shaking. small molecules (10 µM, n = 1, 0.2 µL) from the CCg compound library were added to 20 µL 2xtY by Biomek hDr (Beckman, Fullerton, Ca). Cells were diluted with 2xtY supplemented with 100 µg/mL carbenicillin to a final oD 600 = 0.004, and 10 µL was added to the 384-well microplates with the Multidrop dispenser (thermo scientific, Waltham, Ma; 30 µL total volume). plates were incubated for 24 h at 30°C. Cell density (oD 600 ) was measured prior to addition of an equal volume (30 µL) of 0.5 mg/mL Cprg and 0.1% triton X-100 in Miller's Z-buffer (60 mM na 2 hpo 4 , ph 7.0; 40 mM nah 2 po 4 ; 10 mM KCl; 1 mM Mgso 4 ). 21 the samples were incubated at room temperature for 10 min before measuring chlorophenol red (Cpr) absorbance (a 570 ) in the pherastar (BMg Labtech, Cary, nC) plate reader with a narrow bandpass filter.
Data analysis
potential hits were considered active by the following criteria: ≥55% inhibition by plate of the virF-LacZ assay in comparison to controls (a 570 < 1.4), with 100% inhibition defined as the mean a 570 reading for the positive control (pMaL(Δvirf)-LacZ reporter) replicates for each plate (a 570 ≅ 0.7-1.0) and inhibition of cell growth (oD 600 ) ≤20%. Compounds meeting these initial criteria (1273 small molecules) were confirmed via rescreening in triplicate according to the above assay protocol. Further data triage criteria for removal of unfavorable properties included "flagged" compounds with reactive or toxic functionalities, molecular weight ≥600 Da, topological polar surface area (tpsa) > 140 Å 2 , and logp > 7.
Counterscreen with purified β-galactosidase
triaged compounds with confirmed activity were preincubated with purified β-galactosidase in Z-buffer (25 nM, 30 µL total volume) for 1 h at 30°C in a preliminary in vitro counterscreen of the enzyme (n = 3). the Cprg/triton X-100 mixture was added to each well, and the absorbance measurements were made following a 2.5-min incubation at room temperature. Compounds that exhibited inhibition of β-galactosidase activity ≥35% were removed from further consideration.
Dose-response analysis
Compounds that passed the triage, confirmation, and counterscreening (238 small molecules) were assayed in a dose-response study (n = 4) according to the screening protocol with the following exception: the concentration of small molecules was varied in 2-fold serial dilutions, ranging from 100 to 1.5 µM. the data were plotted as a function of the concentration of small molecule (µM) versus absorbance (570 nm). For those compounds that exhibited a sigmoidal dose-response curve, the data were fit by nonlinear regression to the following equation using Kaleidagraph (synergy software, essex, vt):
where "lower" is the lower limit of the assay, and "upper" is the upper limit of the assay, [i] is the inhibitor concentration, M1 is the iC 50 , and M2 is the hill slope. During the fitting process, the upper limit was manually entered (from the no-inhibitor control) owing to the fact that the data generally did not go to low enough concentrations to sufficiently define the upper portion of these curves. the lower limit was also manually entered as defined by the average absorbance of the positive control for each individual plate.
reSultS
Construction of β-galactosidase reporter plasmids
the virB Op-lacZα fragment was subcloned directly into pMaLvirF, followed by replacement of the β-galactosidase α-peptide (lacZα) with the full-length lacZ gene (pMaLvirF + virB -lacZ). this single, high-copy number plasmid was used to express β-galactosidase activity following virF-specific activation of the virB op-lacZ open reading frame. a counterscreen plasmid was generated via deletion of a portion of the male-virf open reading frame, eliminating expression of virF from these samples (pMaL(Δvirf) + virB -lacZ). Both virF-LacZ reporter constructs were assayed in S. flexneri Bs103. 22
Optimization of high-throughput VirF-LacZ primary assay
the microplate-based assay was optimized at the CCg (University of Michigan). the most reproducible cell-based β-galactosidase assay (Z′ = 0.59, n = 352) was observed when cells (oD 600 = 0.004) were incubated at 30°C for approximately 24 hours and assayed with 0.50 mg/mL Cprg + 0.1% triton X-100 in a 60-µL total volume (data not shown). the primary hts screen of approximately 42,000 small molecules in the virF-LacZ cell-based assay was run with several smallmolecule libraries, as described in Materials and Methods. assays were performed with both the negative (pMaLvirF + virB -lacZ) and positive (pMaL(Δvirf) + virB -lacZ) controls for virF inhibition monitored in the absence of small molecules in replicate (n = 32) on each plate in the assay campaign. to assay β-galactosidase activity, the Cprg/triton X-100 mixture was added to each well, and the reaction proceeded at room temperature for 10 min prior to measuring Cpr accumulation (a 570 ). representative absorbance values for the negative control (a 570 = 2.0-2.5) and the positive control (a 570 = 0.7-1.0) were recorded for each individual plate. in the primary assay, each small molecule was tested in a single well in a 384-well microplate, and 1273 compounds were selected as potential hits based on the selection criteria outlined in the Materials and Methods (3% hit rate, Fig. 3A) .
the 1273 initial hits were reassayed for confirmation of inhibition in triplicate. in addition, these compounds were counterscreened in triplicate against purified β-galactosidase, in vitro, to filter out any false positives that directly inhibit the reporter. Four compounds were found to inhibit purified β-galactosidase in vitro (table 1), 3 with modest inhibition (~40%) and 1 that demonstrated significant inhibition of the purified enzyme (92%, CCg-28697). three compounds (CCg-28697, 28450, and 28967) share a common tricyclic structure with a bridging piperdine-sulfonyl moiety, derivatized with various aromatic functionalities. the structures are distinct from galactose, and it is unclear how these compounds inhibit β-galactosidase activity.
Further selection criteria were imposed for identification of optimized hit-to-lead scaffolds. Ultimately, a test set of 238 compounds was chosen for dose-response studies. each compound was tested in replicate (n = 4) in serial dilutions ranging in concentration from 100 to 1.5 µM according to the screening assay protocol. the data were plotted (concentration vs absorbance). those compounds that exhibited a sigmoidal-type doseresponse curve were fit by nonlinear regression, and the iC 50 values were calculated. From this assay, 7 compounds were confirmed by dose-response analysis, with typical iC 50 values ranging between 1 and 90 µM (table 2). representative data for the dose-response analyses are shown in Figure 3B .
dIScuSSIon
Many pathogens use transcriptional activators of the araC family as regulators of bacterial virulence (i.e., rns from e. coli, exsa in P. aeruginosa, tcpn from V. cholerae, and virF from S. flexneri). previous work on monomeric araC-type virulence regulators that monitored inhibition of a Dnabinding assay was not amenable to hts and would not probe for inhibition of either dimerization or recruitment of the transcription complex for the dimeric araC-type activators. although the dimeric araC-type activators have been difficult to study in recombinant form, we find that transcriptional activation can be sensitively monitored in a cell-based, highthroughput assay using a β-galactosidase reporter gene fused to the appropriate target promoter sequence.
in considering a robust, cell-based assay to screen for inhibitors against virF activity, β-galactosidase was initially chosen as a reporter for its history as a molecular biology tool and its enzymatic stability. 21 With a wide variety of substrates described in the literature, there are several potential options to suit a range of β-galactosidase assay protocols. the most common substrate for measuring LacZ expression on solid media is X-gal (5-bromo-4-chloro-3-indolyl β-D-galactopyranoside), but detection of the insoluble blue product is less amenable to liquid culture. the classical substrate for β-galactosidase enzyme kinetics is o-nitrophenyl β-D-galactopyranoside (onpg). 21 the onp product of hydrolysis is yellow in color and detected by absorbance (a 420 ). this spectrophotometrically active substrate is best suited to in vitro reactions because the FIG. 3. virF-β-galactosidase reporter assay confirmation screen and dose-response analysis. (A) Compounds identified as potential hits in the primary screen (1273 small molecules, 10 µM) were reassayed to confirm activity in triplicate. the plot depicts absorbance (a 570 ) versus compound number tested in the assay campaign. the assay was carried out as described in the text. (B) two representative compounds fit by nonlinear regression for sigmoidal kinetics following dose-response analysis. each compound was confirmed in replicate (n = 4). signal-to-noise ratio is high in colorless buffer. For use in cellbased assays, however, detection of onp is masked by the inherent absorbance in the liquid media. the fluorescent substrate 4-methylumbelliferyl β-D-galactopyranoside (MUg) was recently described for use in a whole-cell assay for β-galactosidase activity. 23 Without significant dilution of the starting cell culture, however, there is interference from background fluorescence of components in the media.
Cprg has been described for cell-based applications, and this substrate is particularly sensitive to low concentrations of β-galactosidase. 24 in addition, the yellow substrate turns a deep red upon hydrolysis by β-galactosidase, and accumulation of the chlorophenol red product is easily detected by absorbance. one potential concern with the use of Cprg was achieving the necessary signal-to-background ratio in the absorbance measurements. the whole-cell assay required long growth periods (24 h) to produce enough virF protein that could in turn activate expression of a reasonable amount of β-galactosidase. an increased cell density (a 600 ) could complicate the measurement of chlorophenol red accumulation at a 570 . this sensitivity was achieved by monitoring absorbance in the pherastar spectrophotometer with a narrow bandpass filter at a 570 .
previous studies have shown that in e. coli, rns will recognize virF promoters; therefore, one would expect interfering background expression if the screening were performed in e. coli. 25 in fact, we did observe this (data not shown). there is no other known transcriptional activator in Shigella that can activate virF promoters, and therefore the virF reporter assay was optimized in an avirulent strain of S. flexneri, Bs103. 22 Bs103 is a derivative of S. flexneri 2a that has been cured of the 220-kb virulence plasmid and hence lacks endogenous virulence gene expression (including virf, virB, and virr (hns)). a deletion in the male-virf open reading frame was constructed as a control for small molecules identified with micromolar iC 50 values. note that these initial iC 50 values, using samples from the screening collection libraries, are preliminary and will be reassessed using fresh, neat samples purchased from the sample sources.
background LacZ expression not related to virF-specific activation. this construct was in every other aspect identical to the reporter discussed previously. We confirmed that LacZ expression in Bs103 is the direct result of virF activation of the virB promoter, with the Δvirf reporter responding similarly to the Δlac Bs103 cell control (data not shown).
Conditions for optimal cell growth and β-galactosidase activity were identified in a 384-well microplate format in collaboration with the Center for Chemical genomics (University of Michigan). although enzymatic activity was relatively consistent across the plate, we observed a small amount of evaporation around the perimeter of each microplate. these "edge effects" were also observed in other cell-based assays performed at the CCg. in these wells, although the oD 600 reading was not altered significantly, the total volume was reduced by 5 to 10 µL (17-33% reduction in total volume). For completeness, these wells were considered in the overall calculation of Z′ for each plate in the assay campaign. although there were discrepancies in some cases between wells and between individual plates, the internal controls for each plate were used to normalize the data. in general, more consistent data can often be obtained through use of in vitro assays with purified protein. however, 2 major advantages of a cell-based assay in the primary screen are the selection of compounds that are cell permeable and the relative ease of preparation of an overnight cell culture versus target enzyme purification (which in this case would also include the reporter construct and an in vitro transcription/translation cocktail). overall, the variability in the high-throughput data in the cell-based assay was reflected in a lower Z′ factor ≅ 0.45 for the overall assay campaign.
We observed a 3% hit rate (1273 small molecules of 42,000 tested) for the compounds tested in the primary screen, with molecules demonstrating modest to significant inhibition of the virF-LacZ assay. these compounds were confirmed in triplicate according to the primary assay protocol. as an initial counterscreen, purified β-galactosidase was assayed with the same small molecules in vitro. Most compounds tested in the confirmation screen did not inhibit the reporter directly (table 1). although this counterscreen does not address the possibility of "off-target" inhibition, most off-target activities that would result in reduced β-galactosidase expression are likely to be toxic (e.g., rna polymerase inhibition, ribosome inhibition) and would be factored out when the inhibition of the cell growth screen was applied. a potential counterscreen to address off-target activity could involve a parallel cell-based system where LacZ expression was activated by an endogenous Shigella transcription complex from a housekeeping promoter (i.e., trp promoter). the construction of a pMaL(Δvirf) vector with subcloned trp op-lacZ fusion is in progress.
Following data triage to identify molecules with favorable medicinal chemistry properties (i.e., molecular weight ≤600, no reactive or toxic functionalities, logp < 7, etc.), a set of 238 compounds was selected for initial dose-response analysis. although most compounds did not demonstrate dose-dependent inhibition of the virF-LacZ assay, 7 small molecules were identified with iC 50 values in the low to mid micromolar range (table 2) . the data were fit by nonlinear regression for sigmoidal kinetics, and the reported piC 50 values were converted to iC 50 values. although structurally distinct, most compounds were characterized by aromatic or heterocyclic rings that could conceivably interact directly with Dna or with aromatic amino acids that typically associate with nucleic acids (i.e., histidine, phenylalanine). 26 note that these initial iC 50 values, using samples from the screening collection libraries, are preliminary and will be reassessed using fresh, neat samples purchased from the sample sources. secondary in vitro assays (i.e., in vitro Dna binding assay and in vitro transcription assay) will also be performed from these fresh samples to confirm the mechanism of action for each small molecule.
interestingly, several compounds identified were also characterized as "active" in other bacterial cell-based assays targeting transcription factors at the CCg. the 7 confirmed compounds identified in the virF-β-galactosidase assay have each been tested in ≥35 individual assays, including screens against prokaryotic and eukaryotic targets in vitro and in vivo. in general, the compounds have demonstrated little activity against eukaryotic targets. the similarity in effects against assays with structurally distinct proteins performing similar functions (i.e., Dna binding, transcriptional activation) suggests that these small molecules may target a conserved function of bacterial transcription factors. Further studies are pending to confirm the specificity and mechanism of action for these small molecules.
Monitoring virF activity in a cell-based assay addresses all 3 functions of dimeric araC-type transcriptional activators: Dna binding, dimerization, and recruitment of rna polymerase. although researchers at paratek pharmaceuticals have successfully studied inhibition of Dna binding of several monomeric araC-type regulators in vitro, this assay is limited to selection of compounds that address only one aspect of araC-type functionality. in addition, generating the purified reagents for the Dna binding assay is more expensive and less amenable to hts of large compound libraries. this approach is more suited for use in screening potential inhibitors as a secondary assay, to assess the mechanism of action on a smaller subset of molecules. We report a cell-based assay for S. flexneri virF that circumvents both of these issues and presents a new approach to monitoring transcriptional activation by oligomeric araC-type activators for high-throughput applications.
concluSIonS
We have developed a cell-based bacterial transcription assay amenable for hts of large compound libraries against virF from S. flexneri. initial hts results screening ~42,000 small molecules in the virF-LacZ reporter assay identified 238 potential hits with favorable medicinal chemistry properties. in addition, very few compounds in these small-molecule libraries directly inhibited β-galactosidase, suggesting the usefulness of this reporter gene in cell-based bacterial transcription assays. Dose-response data for 7 compounds with confirmed inhibition in the virF-LacZ assay revealed iC 50 values in the micromolar range (1-90 µM). Future work will be conducted with several secondary assays to probe the mechanism of inhibition for these "hits." this report demonstrates proof of principle that monitoring activity of the araC family of transcriptional activators in vivo is a successful alternative to overcoming insoluble expression of recombinant protein in vitro.
